ABSTRACT: Steers and heifers were generated from Angus (A) and Belgian Blue (BB) sires mated to Brahman × Hereford (B × H) F 1 cows to characterize their growth, carcass traits, and LM shear force. A total of 120 B × H cows purchased from 2 herds and 35 bulls (14 A and 21 BB) produced calves during the 5-yr project. After the stocker phase, a representative sample of A-and BB-sired heifers and steers were transported to the Iberia Research Station to be fed a high-concentrate diet. The remaining cattle were transported to a commercial feedlot facility. Each pen of cattle from the commercial feedlot was slaughtered when it was estimated that heifers and steers had 10 mm of fat or greater. The BB-sired calves were heavier at birth (P < 0.01) than the A-sired calves. During the feedlot phase, the A-sired calves gained more BW (P < 0.05) than the BB-sired calves. The BB-sired calves had heavier (P < 0.01) carcass weights than the A-sired calves. This was due to a combination of a heavier final BW and greater dressing percent. Because of their greater muscling and reduced (P < 0.01) fat, carcasses from BB-sired calves had greater yield (P < 0.01) compared with carcasses from A-sired calves. Carcasses from A-sired calves had a greater (P < 0.01) marbling score and greater (P < 0.01) USDA quality grade than carcasses from BB-sired calves. Tenderness, as measured by shear force of the steaks aged for 7 d, was similar for A-and BB-sired calves. However, steaks aged for 14 d from the A-sired calves had a reduced shear force (P < 0.01) compared with steaks from the BB-sired calves. Steer calves were heavier (P < 0.01) at birth and weaning, and had more total BW gain in the feedlot, which resulted in a heavier final BW and HCW compared with the heifers. Steer carcasses also had greater marbling scores and quality grades, whereas the heifer carcasses had larger LM area per 100 kg of carcass weight. In conclusion, the BBsired calves had heavier carcass weights and greater cutability, whereas the A-sired calves had a greater degree of marbling and greater quality grade, and steaks from carcasses of A-sired calves were more tender as measured by shear force at 14 d.
INTRODUCTION
Crossbreeding systems have been used to improve the efficiency of cattle production by matching breeds to market requirements and environmental conditions. In Louisiana, the Brahman (B) × British crossbred cow has been the first choice for reproductive and maternal traits (Turner and McDonald, 1969) . Several researchers (Franke, 1980; Turner, 1980) have reported reproduction and production advantages of crossing B with British or continental European cattle to produce calves that are adapted to the semitropical climate of the southeastern United States. However, the 1995 National Beef Quality Audit (Boleman et al., 1998) indicated that Bos indicus carcasses had the greatest numerical yield grade (YG) . One method to make rapid progress in improving carcass cutability would be to use one of the breeds selected for muscle hypertrophy, such as Belgian Blue (BB) or Peidmontese, as terminal sires. Arthur (1995) , in a review article, indicated that the greatest frequency of occurrence of double muscling was found in the Peidmontese and BB breeds. Casas et al. (1998) reported that double-muscled animals with 1 copy of the myostatin allele had an average of 14% less fat and 7% more lean compared with an animal without a copy of the myostatin allele. Arthur (1995) also reported that double-muscled cattle had very tender meat compared with cattle without a copy of the double-muscled gene. The 1995 and 2000 National Beef Quality Audits (Boleman et al., 1998; McKenna et al., 2002) both indicated that B. indicus carcasses had the least marbling score compared with native or dairy cattle. As indicated by the success of the Certified Angus Beef (2008) Program, Angus (A) has been the most popular breed of choice to produce high-quality carcasses. The BB breed was evaluated in Cycle V of the Germplasm Evaluation Program at the Roman L. Hruska US Meat Animal Research Center (Wheeler et al., 2001) . In that study, the BB sires were mated to Hereford (H)-A dams. Considering these facts, a 5-yr project was initiated to evaluate the growth, carcass traits, and tenderness of LM steaks from heifers and steers sired by A and BB bulls mated to B × H cows.
MATERIALS AND METHODS
This experiment was approved by the Louisiana State University Animal Care and Use Committee.
A group of 120 B × H pregnant and open heifers of similar age from a herd in Louisiana and a herd in Texas were assembled at the Bob R. Jones-Idlewild Research Station (Clinton, LA) before the spring breeding season in 1995. Sixty of the heifers were pregnant when purchased. All first-calf heifers and open heifers were estrous synchronized before the beginning of breeding, and estrous synchronization was used for each 45-d spring breeding season. For the first 24 d, all females were bred by AI with either A or BB semen. Fourteen days after AI, A bulls were used for natural service each year, and for the last 2 breeding seasons, BB bulls also were used for natural service. The number of bulls that sired calves for the project was 35 (14 A and 21 BB). The goal was to produce 50% A-sired and 50% BBsired calves. Because of management decisions, data from only 13 A-sired and 12 BB-sired steers from the first calf crop (born in the spring of 1996) were used for the project. These 25 steers were finished at the Iberia Research Station feedlot. For the remaining 4 calf crops, all data from each calf crop (heifers and steers) that completed the feedlot phase were considered for the project.
After weaning, calves were backgrounded at the Bob R. Jones-Idlewild Research Station before being transported to the Central Research Station in Baton Rouge, Louisiana. Heifers and steers grazed ryegrass pasture (Lolium multiflorum Lam.) around January 15 each year, stocked at approximately 730 kg of calf/ha, and grazed for an annual average of 90 d during the stocker phase.
After the stocker phase, a representative sample of A-and BB-sired heifers and steers (8 in 1997 and 6 for the remaining years of each breed and sex) were transported to the Iberia Research Station (Jeanerette, LA) to be placed on a high-concentrate diet composed primarily of shelled corn and cottonseed meal and hulls. The remaining heifers and steers were transported to a commercial feedlot at Guymon, Oklahoma. Cattle were individually weighed, processed, and handled according to standard feedlot practices on arrival at the commercial feedlot. Heifers and steers were fed in separate pens, and each pen was slaughtered when the average fat thickness for the pen was estimated to be 10 mm as determined by the feedlot personnel.
At the Iberia feedlot, cattle were weighed every 28 d and fat thickness was estimated by real-time ultrasound and visual evaluation by a trained evaluator. After 120 d on feed, 8 cattle in 1997 and 6 for the remaining years were slaughtered every 28 d. Consideration was given for both breed type and fat thickness. Each slaughter group was composed of an equal number of the fattest A-sired and fattest BB-sired calves (sex was not considered) compared with all the calves on feed. For example, in 1997 each group was composed of 4 BB-sired and 4 A-sired calves. Cattle were transported to Baton Rouge and slaughtered at the Louisiana State University Agriculture Center Meats Laboratory. Carcass data were obtained on 163 heifers and 191 steers over the 5-yr period, with the cooperation of the selected packing plant, the National Cattleman's Association data collection service, and Louisiana Agricultural Center personnel.
The total number of cattle finished at the 2 feedlot locations each year is shown in Table 1 . Over the 5-yr time span, 354 calves completed the feedlot phase. This total was composed of 200 A-sired calves (56%) and 154 BB-sired calves (44%).
Factors used to determine USDA YG (HCW, adjusted fat thickness, LM, and estimated KPH percentage), degree of marbling, and quality grade were recorded (USDA, 1997). At 48 h postmortem, the 11th-and 12th-rib section was cut from the right side of the carcasses. Two 2.54-cm-thick boneless steaks were removed from the rib section, vacuum-packaged, aged at 2°C for 7 or 14 d postmortem, and frozen for subsequent tenderness evaluation.
Steaks were cooked to an internal temperature of 70°C for Warner-Bratzler shear force measurement (Boleman et al., 1995) . The Instron Model 4501 Universal Testing Instrument (Instron, Canton, MA) was equipped with a Warner-Bratzler shear device and a crosshead speed of 100 mm/min.
Statistical analyses of growth and carcass data were carried out with SAS software (SAS Inst. Inc., Cary NC). Growth traits of interest included birth and weaning BW taken at the Bob R. Jones-Idlewild Research Station, total BW gain, and ADG after grazing ryegrass at the Central Research Station. Total feedlot BW gain, ADG, and final BW were recorded at slaugh-ter from both feedlots. Carcass traits taken at both locations were HCW, dressing percent, fat thickness, LM area, LM area per 100 kg of HCW, percentage of KPH fat, marbling score, yield grade, and carcass quality grade. Shear force values after aging steaks for 7 and 14 d were obtained from calves fed at the Iberia Research Station.
A linear mixed statistical model (PROC MIXED) was used to analyze birth and weaning weights, stocker BW gains, and shear force after aging steaks for 7 and 14 d. This model included year and sire within breed of sire as random sources of variation, and sire breed, sex, and the first-order interaction between sire breed and sex as fixed effects. This interaction was not significant for any trait and was deleted from the final statistical models. Calf birth date was included in the statistical models for birth and weaning weights as a linear covariate to adjust birth and weaning weights to a constant birth date.
The linear mixed statistical model used to analyze carcass traits of cattle fed at both locations included year and sire within breed of sire as random sources of variation and sire breed, sex, and location as fixed effects. No first-order interactions between main effects were significant, and were omitted from the final statistical models. Least squares means and SE for sire breed, sex, and location are reported for growth and carcass traits. An α level of P < 0.05 was set for the experiment, and all significance levels less than P < 0.01 were rounded to 0.01.
RESULTS AND DISCUSSION
Least squares means for growth data by sire breed and sex are shown in Table 2 . The BB-sired calves had greater birth weights (P < 0.01) compared with the Asired calves. Lunstra and Cundiff (2003) reported that A-and BB-sired bull calves had similar birth weights, which were approximately 10 kg heavier than the birth weights in the current study. At weaning, there was a marked difference in physical appearance, with most of the BB-sired calves seeming more muscular than the Asired calves; however, weaning weights were not different (P = 0.22) between sire breeds. Lunstra and Cundiff (2003) indicated that BB-sired bull calves had the least weaning weights of the cattle types in their study and that the A-sired bull calves were approximately 10 kg heavier at weaning. Growth and carcass traits of beef Male calves were heavier (P < 0.01) at birth compared with female calves. Marion et al. (1980) also reported that male calves of traditional British and large biological type cattle were heavier at birth than heifer calves. At weaning, steer calves also were heavier (P < 0.01) than heifer calves. Daily BW gain and total BW gain during the stocker phase were not different (P = 0.79 and 0.77) for the A-and BB-sired cattle. In the feedlots, the A-sired calves gained more BW as measured by total BW gain (P < 0.05) compared with the BB-sired calves; however, final BW were not different (P = 0.24) between the sire breeds. Steers had a greater rate of BW gain during both the stocker and feedlot phases and gained more total BW (P < 0.01) than the heifers, which is consistent with the literature (Tanner et al., 1970; Marion et al., 1980) . The BB-sired calves had heavier (P < 0.01) carcass weights compared with the A-sired calves (Table 3) . This difference in carcass weight was due to the combination of a trend of a heavier final BW (9 kg) and greater dressing percent (P < 0.01). Other researchers (Gardner et al., 1996; Wheeler et al., 2001 ) also have reported a greater dressing percent for BB cattle compared with A cattle. This increase in dressing percent was partially because double-muscled cattle (BB or Peidmontese) with 1 copy of the allele have approximately 7% more lean than a normally muscled beef animal without a copy of the allele (Casas et al., 1998) . Carcasses from BB-sired calves had larger (P < 0.01) LM area compared with carcasses from A-sired calves. This increase in LM area was consistent with previous reports of muscling of BB carcasses (Gardner et al., 1996; Wheeler et al., 2001; Casas and Cundiff, 2003) .
Carcasses from A-sired calves were fatter (P < 0.01) compared with those from BB-sired calves. The average fat thickness for all the carcasses was approximately 11.5 mm, which was slightly fatter than the 10 mm of fat, which was the slaughter fat thickness end point for the commercially fed cattle. Ferrell and Jenkins (1998) and Wheeler et al. (2001) also reported that carcasses from A-sired cattle had a greater adjusted fat thickness compared with carcasses from BB-sired cattle. Because the days on feed were the same for A-and BBsired calves (Table 2) , carcasses from the A-sired calves were expected to be fatter. Because of their greater muscling and reduced fat, carcasses from the BB-sired calves had a reduced (superior) YG (P < 0.01) compared with those from A-sired calves. Carcasses from A-sired calves had 10% USDA YG 1, 30% YG 2, 43% YG 3, 15% YG 4, and 2% YG 5 (USDA, 1997), whereas those from BB-sired calves had 32% YG 1, 54% YG 2, 12% YG 3, and 2% YG 4 (not shown in tabular form). Previous research comparing A-and BB-sired cattle also indicated that BB-sired cattle had superior YG compared with A-sired cattle (Gardner et al., 1996; Wheeler et al., 2001) . Carcasses from the A-sired calves had a greater (P < 0.01) marbling score and greater (P < 0.01) USDA quality grade compared with those from the BB-sired calves. Carcasses from the A-sired calves had 1% USDA Prime, 40% USDA Choice, 54% USDA Select, and 5% USDA Standard, whereas those from the BB-sired calves had 7% USDA Choice, 70% USDA Select, and 23% USDA Standard (not shown in tabular form). Wheeler et al. (2001) also reported that at a constant BW and age, the H-A-sired carcasses had the greatest marbling score, and the number of carcasses grading USDA Choice was similar to the rank of marbling score for the sire breeds tested.
With the USDA Market News Service national weekly direct slaughter cattle reports of premiums and discounts, it was possible to express the differences of USDA quality and YG for the A-and BB-sired cattle on an economic basis. A weekly average was randomly selected from the years 2003 to 2008 (USDA, 2003 (USDA, -2008 by selecting the premiums and discounts for one week per year. The calculated values for USDA quality grades were as follows: Prime, 18.72; Choice, 0.00; Select, −21.45; and Standard, −39.73. The calculated values for YG were as follows: YG 1, 6.57; YG 2, 3.48; YG 3, 0.20; YG 4, and YG 5, . These values reflect the adjustments to the base price in dollars per 100 kg of carcass weight. The A-sired cattle had an average discount of $16.91 and the BB-sired cattle had an average discount of $20.75/100 kg of carcass based on these calculated values and the reported quality and YG. The A-sired cattle had an advantage of $3.84/100 kg of carcass compared with the BB-sired cattle based on these calculated values. Steer carcasses had heavier HCW (P < 0.01) and a greater marbling score (P < 0.05) compared with heifer carcasses. Heifer carcasses had a larger LM area expressed as area per 100 kg of carcass (P < 0.01). In the National Beef Quality Audit-2000 , McKenna et al. (2002 reported that heifer carcasses had more marbling than steer carcasses, but the differences in quality grade were of no practical significance. Other studies also have reported no difference in quality grade between steer and heifer carcasses (Marion et al., 1980; Casas and Cundiff, 2003) . Tanner et al. (1970) reported that heifer carcasses had larger LM area per 100 kg of carcass weight, but there were no differences in YG between heifer and steer carcasses. However, Casas and Cundiff (2003) reported that heifer carcasses had a reduced YG compared with steer carcasses.
Steaks from the carcasses of A-and BB-sired cattle were aged for 7 and 14 d (Table 3) . Tenderness, as measured by shear force of steaks aged for 7 d, was similar for A-and BB-sired cattle. However, steaks aged for 14 d from the A-sired cattle had a decreased shear force (P < 0.01) compared with steaks from BB-sired cattle. These results were unexpected because Wheeler et al. (2001) reported that LM steaks from A-sired steer carcasses were similar in tenderness to steaks from BBsired steer carcasses and that steaks from both BB-and A-sired steer carcasses had about a 1-kg reduction in shear force from 7 to 14 d of aging based on an age-constant basis. One of the main differences in the 2 studies, besides location, was the composition of dam breeds. For our study, the dams were B × H F 1 cows, whereas in the study by Wheeler et al. (2001) , dams were H, A, or MARC III (one-fourth A, one-fourth H, one-fourth Pinzgauer, and one-fourth Red Poll). Thus, calves in our study had one-fourth B breeding, and this could have contributed to the difference in aging from 7 to 14 d for the 2 studies. Koohmaraie (1992) , in his review of postmortem degradation of muscle proteins, presented the relationship between elevated calpastatin activity and the inhibition action on calpain proteinases, which results in blocking the natural postmortem tenderizing process of beef. Pringle et al. (1997) reported that calpastatin activity increased linearly with increasing percentage of B breeding from 25 to 100%. Even though neither Wheeler et al. (2001) nor the current study measured calpastatin activity, this may partially explain the different rates of aging of steaks from BBsired cattle between the 2 studies. However, the actual shear values of the steaks aged 14 d for carcasses from the A-and BB-sired calves were very similar for the present study and the study by Wheeler et al. (2001) . As expected, the 14-d shear force was significantly less (P < 0.01) than the 7-d shear force (4.5 ± 0.1 kg vs. 5.0 ± 0.1 kg; not shown in tabular form). These results agree with the conclusion of the review article by Arthur (1995) that BB cattle have tender meat, but it may take 2 copies of the double-muscled gene to have very tender meat. Three recent articles that evaluated consumer perception of tenderness indicated that very tender steaks had shear values of 2.3, 3.4, or 3.6 kg or less (Boleman et al., 1997; Miller et al., 2001; Platter et al., 2005) .
There was no difference in the shear force of steaks aged 7 or 14 d from heifer and steer carcasses. However, Tatum et al. (2007) , in their review article, indicated that 8 of 10 research articles reported that LM samples from heifer carcasses had significantly greater Warner-Bratzler shear values than LM samples from steer carcasses. One of the key points of their findings was that beef from heifer carcasses tenderize more slowly during aging and may require at least 21 d of postmortem aging. In our research, this was evident for the steaks from the BB-sired heifers because there was no improvement in tenderness from 7 to 14 d of postmortem aging (5.1-kg shear values for both 7 and 14 d; not shown in tabular form).
As expected, there were differences in the carcass data because of location (Table 4) . Angus-and BBsired heifers and steers were finished at the Iberia Research Station feedlot and the remaining heifers and steers were transported to a commercial feedlot in Guymon, Oklahoma. Cattle finished at the commercial feedlot had a heavier carcass weight, greater dressing percent, larger LM area, larger LM area per 100 kg, less marbling, a reduced YG, and less KPH. No differences in quality grade or fat thickness were due to feedlot location. The differences in carcass traits could be due to several factors, such as environment and management. For example, Jeanerette, Louisiana, has a semitropical climate, whereas the Oklahoma panhandle has a semiarid climate. Furthermore, cattle located at the commercial feedlot in Okalahoma were fed twice daily, whereas the cattle in Louisiana were fed once daily.
Implications
There are large differences in carcass traits between A and BB cattle. Neither of these sire breeds is superior for all the economically important traits. When the sire breeds were mated with B × H F 1 cows to produce terminal offspring, the BB breed provided the best combination of carcass weight and desirable YG. Conversely, the A breed provided superior marbling, quality grade, and tenderness of steaks that had been aged for 14 d. Based on the USDA Market News Service national weekly direct slaughter cattle reports of premiums and discounts from a randomly selected week from 2003 to 2008, there was an economic advantage of $3.84 per 100 kg of carcass for A-sired cattle compared with BB-sired cattle. Thus, cattle producers should consider the economic differences between BW, cutability, and quality grade when selecting the terminal sire to use on B × H F 1 cows.
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